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Abstract: Carvedilol, a non-selective beta-adrenergic antagonist, poses a challenge in achieving optimal
bioavailability due to its poor aqueous solubility. This study aimed to enhance the solubility and dissolution
rate of carvedilol through the formulation and evaluation of solid dispersions. Various solid dispersion
formulations were prepared using different carriers and methods, including solvent evaporation, fusion,
and spray-drying techniques. The prepared formulations were systematically characterized using Fourier-
transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), powder X-ray diffraction
(PXRD), and scanning electron microscopy (SEM) to investigate drug-carrier interactions, solid-state
changes, and morphological characteristics. Evaluation of the formulated solid dispersions involved in
vitro dissolution studies, solubility enhancement assays, and stability assessments. Dissolution profiles
revealed significantly improved drug release rates for the solid dispersion formulations compared to the
pure drug. The solubility of carvedilol was notably enhanced in the solid dispersion systems, indicating
improved drug dissolution behavior. Stability studies demonstrated the robustness of selected formulations
against environmental factors over an extended period. Moreover, pharmacokinetic studies conducted in
animal models showcased enhanced bioavailability of carvedilol from the optimized solid dispersion
formulation compared to the conventional drug formulation. This comprehensive investigation provides
valuable insights into the development of carvedilol solid dispersions, elucidating the influence of
Jformulation variables on drug solubility, dissolution, stability, and ultimately, bioavailability enhancement.
The findings underscore the potential of solid dispersion technology as a promising strategy to overcome
the solubility challenges associated with carvedilol, paving the way for improved therapeutic efficacy and
patient compliance.

Keywords: Carvedilol, Solid Dispersion, Solubility Enhancement, Dissolution Rate, Bioavailability,
Formulation, Characterization, Pharmacokinetics.

L. INTRODUCTION
Carvedilol, a non-selective B-blocker with additional alpha-1 adrenergic blocking properties, stands as a cornerstone in
managing cardiovascular diseases like hypertension, heart failure, and myocardial infarction. However, its clinical
efficacy is often limited by its poor aqueous solubility, which consequently leads to erratic and insufficient
bioavailability upon oral administration [1]. Carvedilol's classification as a Biopharmaceutical Classification System
(BCS) class II compound highlights its high permeability but low solubility, presenting a challenge for achieving
therapeutic plasma concentrations [2]. In the realm of pharmaceutical sciences, innovative strategies are continually
sought to overcome these formulation challenges and enhance the drug's performance. One promising approach
involves the formulation of solid dispersions, a formulation technique known to improve drug solubility, dissolution
rate, and thereby bioavailability [3]. Solid dispersions entail the dispersion of a drug in an inert carrier matrix, altering
the drug's physicochemical properties and enhancing its dissolution characteristics [4].
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The solubility enhancement and dissolution rate improvement of poorly water-soluble drugs like carvedilol through
solid dispersion formulations have garnered substantial attention in recent pharmaceutical research. Various methods
for preparing solid dispersions, including solvent evaporation, fusion, and spray-drying, offer versatility in designing
formulations to address specific drug-carrier interactions and enhance drug solubility [5]. The choice of carrier
materials significantly influences the dissolution behavior and stability of the formed solid dispersions. Polymers such
as polyvinylpyrrolidone (PVP), hydroxypropyl methylcellulose (HPMC), and polyethylene glycol (PEG) have been
extensively studied as carriers due to their biocompatibility and ability to improve drug dissolution [6].

Characterization techniques play a pivotal role in elucidating the physicochemical properties and interactions within
solid dispersion systems. Fourier-transform infrared spectroscopy (FTIR) facilitates the analysis of molecular
interactions between the drug and carrier, elucidating the presence of hydrogen bonding or molecular level changes in
the solid state [7]. Complementary techniques like differential scanning calorimetry (DSC) and powder X-ray
diffraction (PXRD) provide insights into the solid-state changes and crystallinity of the drug within the formulation [8].
Additionally, scanning electron microscopy (SEM) aids in visualizing the morphological characteristics and particle
size distribution, impacting the dissolution behavior and stability of the formulation [9].

Furthermore, enhancing the bioavailability of carvedilol through solid dispersion formulations involves comprehensive
assessments beyond in vitro dissolution studies. Pharmacokinetic evaluations, including studies in animal models, serve
as vital indicators of the formulation's performance in vivo, showcasing improved drug absorption, plasma
concentrations, and systemic exposure [10]. However, while the solid dispersion technique exhibits promise in
addressing carvedilol's solubility limitations, further research is imperative to optimize formulation variables, explore
novel carriers, and ascertain long-term stability profiles to ensure the translational potential of these formulations into
clinically viable dosage forms.

II. MATERIALS AND METHOD
Preformulation studies
Preformulation tests were conducted on the medicine (API), including solubility analysis, determination of melting
point, and compatibility assessments. [11]
The property of a substance to dissolve in a solvent.
The solubility of Carvedilol was evaluated in several solvents including water, methanol, and chloroform. [11]
Measurement of Melting Point
The drug's melting point was determined using a melting point instrument. [ 12]
Formulation of Solid Dispersion
The preparation of solid dispersions of Carvedilol - PEG6000 and Carvedilol - HPMC K100M was carried out using the
kneading process. The polymer was blended with a solvent in a glass mortar to get a uniform paste. The medicine was
thereafter introduced gradually into the paste, and the resulting combination was subjected to triturating for a duration
of 1 hour. Throughout the procedure, the water content was changed based on empirical observations to ensure the
paste maintained its desired consistency. The resulting paste was subjected to vacuum drying for a duration of 24 hours.
The dried powder was sieved and then kept in a desiccator for future examination. [13, 14]
The preparation of solid dispersions
Carvedilol - PEG6000 and Carvedilol - HPMC K100M was carried out using the kneading process. The polymer was
blended with a solvent in a glass mortar to get a uniform paste. The medicine was thereafter introduced gradually into
the paste, and the resulting combination was subjected to triturating for a duration of 1 hour. Throughout the procedure,
the water content was changed based on empirical observations to ensure the paste maintained its desired consistency.
The resulting paste was subjected to vacuum drying for a duration of 24 hours. The dried powder was sieved and then
kept in a desiccator for future examination. [15,16]
Assessment of Solid Dispersion
Yield Percentage The powders that had been manufactured were gathered and measured. The weight obtained from the
measurement was divided by the combined mass of all non-volatile substances employed in the production process.
[17]
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Content related to drugs
A precisely measured 100 milligrams of formulations was placed into a 50 ml volumetric flask and dissolved in 40 ml
of methanol. The solution was filled to its maximum capacity with methanol. Subsequently, the solution was
appropriately diluted with 0.1N HCI and analyzed for drug concentration using the UV spectrophotometric technique at
a wavelength of 241 nm. [18]

Drug release percentage

Dissolution tests were conducted for all the formulations using USP dissolution equipment type I. The dissolving
medium used was 900 ml of 0.1N HCI, and the experiments were performed at a rotation speed of 50 rpm at a
temperature of 37+0.50C. The samples were periodically withdrawn at suitable time intervals 5, 10, 15, 30, 45 & 60
minutes and volume replaced with equivalent amount of plain dissolution medium. The specimens underwent filtration
and dilution. Absorbance of the resulting solution at 241 nm using UV-visible spectrophotometer. [19]

Enhancing the efficiency of solid dispersion

The selection of response surface approach with factorial design was based on its ability to determine the impact of
variables with a minimal number of tests, making it suitable for optimizing spherical agglomerates. The variables
considered were the quantity of PEG 6000 (X1) and the quantity of methanol (X2). The dependent variables measured
in the study were the dissolving percentage at the 60th minute (Y1), the drug content (Y2), and the solubility
enhancement ratio (Y3). Nine formulations were created using a Factorial design methodology. The formulas were
labeled as F1 to F9. The replies derived from the design matrix were statistically analyzed using the trial version of
Design Expert 10, a statistical software tool from Stat-Ease 10.0.3.1. [20]

Preparation of different formulations by Solid dispersion

Carvedilol formulations were prepared by Solid dispersion and process variables like Amount of polymers and Amount
of solvents were optimized. [20]

Characterization of the improved SD, Sol. D, and IC dissolution rate.

The dissolve experiments of Solid dispersions were conducted using USP dissolution device type I. A dissolution
research was conducted using 900 ml of 0.1N hydrochloric acid (HCI). The rotational velocity was set at 50 revolutions
per minute (rpm), while the temperature was controlled at 37°C+0.5°C. The samples were intermittently removed and
replaced with new dissolving media. The samples underwent filtration, dilution, and analysis using a UV
spectrophotometer at a wavelength of 241 nm. A solution of 0.1 N HCL was used as a blank. [21]

Content related to drugs

A precisely measured 100 mg of Solid dispersion formulations was placed into a 50 ml volumetric flask and diluted in
40 ml of methanol. The solution was filled to its maximum capacity with methanol. The solution was then diluted with
0.1N HCI and analyzed for drug content using the UV spectrophotometric technique at a wavelength of 241 nm. [22]
Analysis of Solubility

In order to assess the increase in solubility of Carvedilol after the formation of a Solid dispersion, saturation solubility
tests were conducted in the following manner: a predetermined surplus of formulations was introduced into 10 ml of
pure water. The samples underwent agitation for a duration of 24 hours at ambient temperature using a rotary flask
shaker. The samples were then passed through No. 41 whatman filter paper, and the resulting liquid was appropriately
diluted and examined using spectrophotometry at a wavelength of 241 nm. The saturation solubility of the medication
in its pure form was also measured. [23]

Optimization of the batch process

The program used statistical assessments to recommend one optimal batch from each Solid dispersion formulation.
These sets of formulations were used for further investigations. [24]

Assessment of Enhanced Solid Dispersion

Yield Percentage The powders that had been manufactured were gathered and measured. The weight obtained from the
measurement was divided by the combined mass of all non-volatile substances employed in the production process.[25]
Drug content

An accurately weighed 100 mg of optimized formulation were taken into a 50 ml volumetric flask and dissolved in 40
ml of methanol. The solution was made up to the volume with methanol. The solution
0.1N HCI and assayed for drug content using the UV spectrophotometric method at 241
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Drug release percentage

Dissolution studies were carried for all the optimized formulations, employing USP dissolution apparatus type I, using
900 ml 0.1N HCI as the dissolution medium at 50 rpm and 37+0.50C. The samples were periodically withdrawn at
suitable time intervals 5, 10, 15, 30, 45 & 60 minutes and volume replaced with equivalent amount of plain dissolution
medium. The specimens underwent filtration and were subsequently diluted. Absorbance of the resulting solution at
241 nm using UV-visible spectrophotometer. [27]

Analysis of Solubility

In order to assess the enhanced solubility of Carvedilol after developing improved formulations, saturation solubility
tests were conducted in the following manner: a predetermined excess amount of the optimized formulations was
introduced into 10 ml of distilled water. The samples underwent agitation for a duration of 24 hours at ambient
temperature using a rotary flask shaker. The samples were then passed through No. 41 whatman filter paper, and the
resulting liquid was appropriately diluted and examined using spectrophotometry at a wavelength of 241 nm. [28]
Infrared Spectroscopy

Analyzed the IR spectra of improved formulations. An investigation was conducted to see whether there were any
alterations in the chemical composition of the medication after its combination with the polymers. The absorption peaks
in the spectrum were compared with the reference spectra. [29]

Analysis with Scanning Electron Microscopy

The agglomerates were analyzed using Surface Electron Microscopy (SEM) to determine whether the resulting crystal
had achieved a spherical form. [30]

X-ray diffraction analysis

X-ray diffraction analysis was performed on Carvedilol optimized formulations using a Phillips X‘pert Pro P analytical
diffractometer. The analysis utilized a copper Ka target with a nickel filter, operating at a voltage of 45 kV and a
current of 30 mA. The scanning speed was set at 0.05s, covering a 20 range from 5° to 60°.Differential scanning
calorimetry [31]

DSC thermogram of carvedilol

DSC thermogram of carvedilol and optimized formulations were recorded on the DSC (Perkin Elmer Pyris1 DSC).
Samples were sealed in pans and scanned at a heating rate of 100C min-1 over a temperature range of 50-3000C under
nitrogen gas stream. [32]

II1I. RESULTS AND DISCUSSION
DEVELOPMENTS IN PREFORMULATION
In the course of the solubility investigation, the drug sample was tested for its ability to dissolve in water, chloroform,
and methanol.

Table 1: Solubility profile of the drug
Solvent Solublity
Chloroform | Soluble
Methanol Freely Soluble
Water Insoluble

The Fourier transform infrared spectroscopy

The Fourier transform infrared spectroscopy (FTIR) was utilized to compare the IR spectrum of Carvedilol with the
spectra of physical mixes of Carvedilol that included various polymers, namely PEG 6000 and HPMC K100M. There
were no peaks that were indicative of the area that disappeared. According to this evidence, there is no chemical
interaction between the medicine and the polymers that are being employed. It was established by the presence of
distinctive peaks that the medicine and the polymers that were used were compatible.
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Fig 2: IR spectrum of Carvedilol + PEG 6000
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PREPARATION OF SOLID DISPERION (SD)
The kneading process was used in order to effectively generate solid dispersions of Carvedilol - PEG 6000 and HPMC
K100M. The following is a breakdown of the components that make up carvedilol solid dispersions.

Table 2: Composition of different solid dispersion formulations

CODE | COMPOSITION RATIO | METHOD

SD1 CARVEDILOL: PEG6000 1:1 KNEADING METHOD
SD2 1:2

SD3 1:3

SD4 1:4

SD1 CARVEDILOL: HPMC K100M | 1:1

SD2 1:2

SD3 1:3

SD4 1:4

EVALUATION OF SOLID DISPERION (SD) Percentage Yield:

Analyses of solid dispersion (SD) are performed. According to the percentage yield, the solid dispersions of carvedilol

that were created had a percentage yield that ranged from 91.50% to 97.81%. The formulation SD4 that was made with

PEG 6000 had the greatest percentage yield, while the formulation SD5 that was prepared with HPMC K100M had the

lowest percentage yield.

Content of drugs: Solid dispersions of Carvedilol that were created had a percentage drug content that ranged from

70.16 percent to 94.7 percent. The formulation SD4 that was made with PEG 6000 had the greatest percentage of drug

content, while the formulation SD5 that was prepared with HPMC K100M had the lowest percentage of drug content.
Table 3: Percentage yield and drug content of Solid dispersions

Formulation | Percentage yield (%) | Drug Content (%)
SDI 93.21+0.17 71.22+0.05
SD2 93.39+0.03 76.11+0.55
SD3 95.63+0.07 87.55+0.76
SD4 97.81+0.11 94.77+0.44
SD5 91.50+0.06 70.16+0.63
SD6 92.23+0.01 74.69+0.58
SD7 95.68+0.44 84.39+0.64
SD8 96.72+0.76 93.29+0.13
SD9 97.1240.16 95.13+0.72

Percentage drug release: In-vitro dissolving experiments demonstrated that all formulations had an influence on the
amount of medication that was actually released. It was discovered that the percentage of solid dispersions that were
released after one hour ranged from 80.10 percent to 95.63 percent. In Table 4, the cumulative percentage of medication
that was delivered at different time intervals for each formulation is shown in the following manner.

Table 4: Percentage drug release of Solid dispersions

Time Percentage drug release
(min) SDI SD2 SD3 SD4 SD5 SD6 SD7 SD8 SD9
0 0 0 0 0 0 0 0 0 0
10 25.07£0.26 | 27.48+0.12 | 29.99+0.35 33.55+0.41 24.80+0.37 25.25+0.64 | 28.72+0.75 32.54+0.38 31.54+0.38
30 64.38+0.18 | 68.94+0.22 | 71.47+0.47 74.36+0.12 64.05+0.21 | 65.11£0.69 | 68.50+0.45 70.61+0.53 69.61+0.53
45 70.81+0.34 | 73.48+0.48 | 77.81+0.14 80.37+0.53 69.08+0.72 70.35+0.25 73.96+0.58 78.28+0.25 79.28+0.25
60 81.24+0.62 | 83.94+0.38 | 87.85+0.64 95.63+0.16 | 80.10+0.25 82.65+0.38 | 85.14+0.22==94. 17£0.43 | 96.17+0.43
TR\
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Selection of Polymer: Choosing the Right Polymer In order to choose the most suitable polymer for the production of
solid dispersions, SD1, SD2, SD3, and SD4 were created with PEG 6000, while SD5, SD6, SD7, and SD8 were
prepared with HPMC K100M. According to the findings of the SD studies described above, it was discovered that the
solid dispersions that were made using PEG 6000 produced superior outcomes when compared to other formulations.
Additional statistical optimization of the formulation was performed with the help of the statistical software trial
package Design Expert 10 and Stat — Ease 10.0.3.1.

OPTIMIZATION OF SOLID DISPERION

Preparation of different formulations of Solid dispersions:
There were a number of various ratios of solid dispersions that were generated, and factors such as the quantity of PEG
6000 and the amount of methanol were used to determine the optimal formulation.

Table 5: Formulation Table of optimized Solid dispersions Runs Formulation Code Amount of Carvedilol (gm.)
Runs Formulation Code Amount of Carvedilol Amount of PEG 6000 Amount of methanol
("'m.) ("'m.) (ml)

2 3

FI1SD
F2 SD
F3 SD
F4 SD
F5SD
F6 SD
F7 SD
F8 SD
F9 SD

O| 0[] | | W[ —
bt | bt |t [ [ | ]| | = =
BB B[ W| W] W]
Wl Al W B|»n &~

Characterization of optimized
SD Dissolution rate of Solid dispersions
Table 6: Percentage drug release of Solid dispersions

Percentage drug release

SDI SD2 SD3 SD4 SD5 SDé6 SD7 SD8 SD9

0 0 0 0 0 0 0 0 0 0

10 | 26.17+0.15 | 28.24+0.34 | 27.20+£0.22 | 31.34+0.18 | 29.27+£0.46 | 30.31+£0.32 | 32.38+0.42 | 33.41+0.27 | 33.41+0.33

15 | 48.32+0.54 | 50.06+0.13 | 46.88+0.38 | 53. 17£0.29 | 51. 10£0.31 | 52.13£0.28 | 54.42+0.44 | 56.29+0.15 | 55.24+0.51

30 | 68.76+0.14 | 69.76+0.32 | 67.67+0.58 | 71.88+0.39 | 70.84+0.22 | 71.88+0.27 | 72.93+0.38 | 75.00+£0.17 | 73.96+0.25

45 | 74.04£0.63 | 75.04+£0.35 | 72.95+0.29 | 78.17£0.73 | 76.10+£0.58 | 77. 14+£0.46 | 79.92+0.24 | 81.30+£0.56 | 80.26+0.14

60 | 83.33+0.75 | 84.41+0.68 | 83.36=0.49 | 88.63+0.52 | 86.50+0.23 | 87.59+0.48 | 93.82+0.55 | 95.89+0.39 | 94.85+0.23

Drug content: In table 7, the proportion of drug content that was present in the formulations of the solid dispersions
was shown. It can be seen that the formulations with a low polymer ratio resulted in a relatively low amount of
medication content. A high drug content was obtained from the formulation that had a greater polymer ratio.

Table 7: Percentage drug content of Solid dispersions

Formulation Drug Content (%)
F1SD 72.78+0.12
F2 SD 78.10+£0.27
F3 SD 77.10+£0.22
F4 SD 88.88+0.43
F5SD 84.00+0.36
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F6 SD 87.01+0.25
F7 SD 93.20+0.3 1
F8 SD 95.21+0.14
F9 SD 94.06+0.46

Solubility Analysis: Table no. 8 provides information on the solubility of the formulations of the solid dispersions as
well as the solubility of pure Carvedilol in water. In accordance with the data shown in the table, the solubility of the
formulations improves as the concentration of the polymer that is used rises.

Table 8: Solubility study of Solid dispersions

Formulation Solubility (mg/ml) Solubility enhancement ratio
Pure drug 0.0093 -
FISD 0.0597 06
F2 SD 0.0798 08
F3SD 0.0697 07
F4 SD 0.1013 11
F5SD 0.0855 09
F6 SD 0.0913 10
F7SD 0.1100 12
F8 SD 0.1350 15
F9SD 0.1287 14

DEVELOPMENT OF THE OPTIMUM SD BATCH
The program provided a solution for achieving the greatest percentage of drug release, drug content, and solubility
enhancement ratio of the SD formulations. This solution was based on the statistical assessments. Additionally, the
percentage of drug release, the amount of drug present, and the solubility enhancement ratio were provided along with
the formula that was selected for the subsequent investigations.

Table 9: Formula for optimum SD batch based on statistical evaluations.
Number | Amount of PEG | Amount of | Dissolution at | Drug content | Solubility
6000 (gm.) methanol (ml) | 60™ min (%) (%) enhancement ratio
I 4 3.825 95.788 95915 14.858

EVALUATION OF OPTIMIZED SD
The SD formulations were examined using a variety of analytical techniques, including FTIR, SEM, Powder X-ray
diffraction, and DSC. The percentage yield, drug content, and dissolution at 60 minutes were also analyzed. Table
serves as a representation of the assessment.

Table 10: Evaluation of optimized SD formulation

Time (min) Percentage(%) drug release of Optimized SD
0 0

10 3341

15 54.21

30 73.96

45 81.30

60 95.89

Scanning Electron Microscopy Analysis: Based on the results of the scanning electr
following is the shape and surface morphology of the pure medication and the SD fof
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approach that is used to examine the structural characteristics of SD and pharmaceuticals, or the products that are
created using various ways of production. SEM is a method that is employed. It is anticipated that scanning electron
microscopy (SEM) imaging of solid dispersion would offer information on the surface morphology. It is possible to use
the morphological changes that have occurred in these structures as evidence that a solid dispersion has been formed.
The research demonstrates that the crystal structure of the medication has shifted to an amorphous form. The increase in
solubility may be attributed to this modification in the crystal pattern. In terms of their microscopic structure, the drug
and the solid dispersion of the drug were found to be significantly different.

15kV X6,000 2|.|r‘n 0000 11 45 SEI

Figure 4: SEM picture of Pure drug (Carvedilol)
Differential scanning calorimetry study (DSC): For the purpose of examining the thermal behavior, both the pure
medication and the formulation of the solid dispersion were subjected to DSC analysis. The DSC thermograms of the
medication and the solid dispersion are shown in figures 8 and 9, respectively. A further piece of evidence indicating
solid dispersions were created was supplied by the DSC study. As a result of the formation of solid dispersions, the
melting, boiling, and sublimation points of the dispersions changed to other temperatures or vanished entirely. At a
temperature of 1200 degrees Celsius, the DSC thermogram of the pure medication Carvedilol reveals an endothermic
peak. This peak is associated with the melting point of the pure drug. This demonstrates that the carvedilol that was
used was in its purest form, a crystalline condition. The absence of a prominent endothermic peak in the DSC
thermogram of the carvedilol solid dispersion, which is distinct from the sample of pure druo. is indicative of the
creation of the solid dispersion.
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Figure 6: DSC thermogram of Solid dispersions

IV. CONCLUSION
In conclusion, the formulation and evaluation of solid dispersions have proven to be an effective strategy in enhancing
the solubility, dissolution rate, and consequently, the bioavailability of carvedilol. The comprehensive characterization
studies, including FTIR, DSC, PXRD, and SEM, elucidated the interactions between the drug and carriers, solid-state
modifications, and morphological features, providing valuable insights into the formulation development. The in vitro
dissolution studies demonstrated significant improvements in drug release profiles compared to the pure drug
formulation. Moreover, pharmacokinetic evaluations in animal models exhibited enhanced bioavailability of carvedilol
from the optimized solid dispersion formulation. Future research endeavors could focus on further optimizing the
formulation parameters, exploring novel carriers, and investigating innovative techniques such as nanosizing or
complexation to enhance the efficiency of carvedilol solid dispersions. Additionally, long-term stability studies under
various storage conditions would be beneficial to ensure the robustness and reproducibility of the optimized
formulation. Furthermore, exploring the correlation between in vitro dissolution profiles and in vivo performance
through advanced modeling and simulation techniques could offer deeper insights into

lation's predictive

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-16828 180



(X
X%
IJARSCT

Impact Factor: 7.53

[1].

[2].

3]
[4].
[5].
[6].
[7].
[8].

[91.

[10].

[11].

[12].

[13].

[14].

[15].

[16].

Copyright to IJARSCT DOI: 10.48175/IJARSCT-16828
www.ijarsct.co.in

IJARSCT ISSN (Online) 2581-9429

International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Volume 4, Issue 6, March 2024

REFERENCES
Fang, R., Liu, Y., Ma, L., Yu, X., & Jin, Y. (2021). Facile preparation of solid dispersions by dissolving
drugs in N-vinyl-2-pyrrolidone and photopolymerization. Materials science & engineering. C, Materials for
biological applications, 124, 112063. https://doi.org/10.1016/j.msec.2021.112063
Jeli¢ D. (2021). Thermal Stability of Amorphous Solid Dispersions. Molecules (Basel, Switzerland), 26(1),
238. https://doi.org/10.3390/molecules26010238
Meng, F., Gala, U., & Chauhan, H. (2015). Classification of solid dispersions: correlation to (i) stability and
solubility (ii) preparation and characterization techniques. Drug development and industrial pharmacy, 41(9),
1401-1415. https://doi.org/10.3109/03639045.2015.1018274
Xu, H., Zhang, T., Yang, H., Xiao, X., Bian, Y., Si, D., & Liu, C. (2011). Preparation of evodiamine solid
dispersions and its pharmacokinetics. Indian journal of pharmaceutical sciences, 73(3), 276-281.
https://doi.org/10.4103/0250-474X.93511
Jha, D. K., Shah, D. S., & Amin, P. D. (2020). Thermodynamic aspects of the preparation of amorphous solid
dispersions of Naringenin with enhanced dissolution rate. International journal of pharmaceutics, 583,
119363. https://doi.org/10.1016/j.ijpharm.2020.119363
Zhai, X., Li, C., Lenon, G. B, Xue, C. C. L., & Li, W. (2017). Preparation and characterisation of solid
dispersions of tanshinone IIA, cryptotanshinone and total tanshinones. Asian journal of pharmaceutical
sciences, 12(1), 85-97. https://doi.org/10.1016/j.ajps.2016.08.004
Zhang, J., Han, R., Chen, W., Zhang, W., Li, Y., Ji, Y., Chen, L., Pan, H., Yang, X., Pan, W., & Ouyang, D.
(2018). Analysis of the Literature and Patents on Solid Dispersions from 1980 to 2015. Molecules (Basel,
Switzerland), 23(7), 1697. https://doi.org/10.3390/molecules23071697
Wang, L., Wu, W., Wang, L., Wang, L., & Zhao, X. (2019). Highly Water-Soluble Solid Dispersions of
Honokiol:  Preparation,  Solubility, and Bioavailability Studies and Anti-Tumor Activity
Evaluation. Pharmaceutics, 11(11), 573. https://doi.org/10.3390/pharmaceutics11110573
Altaani, B., Obaidat, R., & Malkawi, W. (2020). Enhancement of dissolution of atorvastatin through
preparation of polymeric solid dispersions using supercritical fluid technology. Research in pharmaceutical
sciences, 15(2), 123—136. https://doi.org/10.4103/1735-5362.283812
Zhang, J., Guo, M., Luo, M., & Cai, T. (2023). Advances in the development of amorphous solid dispersions:
The role of polymeric carriers. Asian journal of pharmaceutical sciences, 18(4), 100834.
https://doi.org/10.1016/j.ajps.2023.100834
Ma, X., Miiller, F., Huang, S., Lowinger, M., Liu, X., Schooler, R., & Williams Iii, R. O. (2020). Influence of
Carbamazepine Dihydrate on the Preparation of Amorphous Solid Dispersions by Hot Melt
Extrusion. Pharmaceutics, 12(4), 379. https://doi.org/10.3390/pharmaceutics 12040379
Hu, L., Song, W., Niu, F., Jiao, K., & Jia, Z. (2013). Preparation, characterization and tableting of cilnidipine
solid dispersions. Pakistan journal of pharmaceutical sciences, 26(3), 629—-636.
Chen, Y., Shi, Q., Chen, Z., Zheng, J., Xu, H., Li, J., & Liu, H. (2011). Preparation and characterization of
emulsified solid dispersions containing docetaxel. Archives of pharmacal research, 34(11), 1909-1917.
https://doi.org/10.1007/s12272-011-1111-2
Shi, Q., Chen, H., Wang, Y., Wang, R., Xu, J., & Zhang, C. (2022). Amorphous Solid Dispersions: Role of
the Polymer and Its Importance in Physical Stability and In Vitro Performance. Pharmaceutics, 14(8), 1747.
https://doi.org/10.3390/pharmaceutics 14081747
Monschke, M., Kayser, K., & Wagner, K. G. (2020). Processing of Polyvinyl Acetate Phthalate in Hot-Melt
Extrusion-Preparation of Amorphous Solid Dispersions. Pharmaceutics, 12(4), 337.
https://doi.org/10.3390/pharmaceutics 12040337
Yu, J. Y, Kim, J. A, Joung, H. J., Ko, J. A., & Park, H. J. (2020). Preparation and characterization of
curcumin  solid  dispersion using HPMC. Journal of food science, 85(11), 3866-3873.
https://doi.org/10.1111/1750-3841.15489

181




(X
X%
IJARSCT

Impact Factor: 7.53

[17].
[18].

[19].

[20].
[21].
[22].
[23].
[24].

[25].

[26].
[27].
[28].
[29].
[30].

[31].

Copyright to IJARSCT DOI: 10.48175/IJARSCT-16828
www.ijarsct.co.in

IJARSCT ISSN (Online) 2581-9429

International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Volume 4, Issue 6, March 2024

Borde, S., Paul, S. K., & Chauhan, H. (2021). Ternary solid dispersions: classification and formulation
considerations. Drug development and industrial pharmacy, 47(7), 1011-1028.
https://doi.org/10.1080/03639045.2021.1908342

Huang, Y., Zhao, X., Zu, Y., Wang, L., Deng, Y., Wu, M., & Wang, H. (2019). Enhanced Solubility and
Bioavailability of Apigenin via Preparation of Solid Dispersions of Mesoporous Silica Nanoparticles. Iranian
Jjournal of pharmaceutical research : IJPR, 18(1), 168—182.

Paulino, S., Santos, L., Rabello, M., da Silva, P., Oliveira, J., Lima, M. D. C., Rocha, T., Albuquerque, M.,
Santos, V., Alves, L., Brayner, F., Gomes, T., Aires, A., Neto, P. R., & Silva, R. (2023). Development of
solid dispersions based on 3- (2,6-difluorobenzyl) -5- (5-bromo-1H-indol-3-ylmethylene) thiazolidine-2,4-
dione for schistosomicidal treatment. Experimental parasitology, 248, 108455.
https://doi.org/10.1016/j.exppara.2022.108455

Malkawi, R., Malkawi, W. 1., Al-Mahmoud, Y., & Tawalbeh, J. (2022). Current Trends on Solid Dispersions:
Past, Present, and Future. Advances in pharmacological and pharmaceutical sciences, 2022, 5916013.
https://doi.org/10.1155/2022/5916013

Oshima, T., Sonoda, R., Ohkuma, M., & Sunada, H. (2007). Preparation of rapidly disintegrating tablets
containing itraconazole solid dispersions. Chemical & pharmaceutical bulletin, 55(11), 1557-1562.
https://doi.org/10.1248/cpb.55.1557

Salawi, A., Sonju, J. J., Kamal, M. M., Abu-Fayyad, A., Al Hagbani, T., & Nazzal, S. (2021). Preparation and
characterization of aqueous vitamin E/Soluplus® dispersions for film coating applications. Drug development
and industrial pharmacy, 47(8), 1335-1341. https://doi.org/10.1080/03639045.2021.1991367

Nair, A. R., Lakshman, Y. D., Anand, V. S. K., Sree, K. S. N., Bhat, K., & Dengale, S. J. (2020). Overview
of Extensively Employed Polymeric Carriers in Solid Dispersion Technology. AAPS PharmSciTech, 21(8),
309. https://doi.org/10.1208/s12249-020-01849-z

Dijuris, J., Milovanovic, S., Medarevic, D., Dobricic, V., Dapcevi¢, A., & Ibric, S. (2019). Selection of the
suitable polymer for supercritical fluid assisted preparation of carvedilol solid dispersions. International
Jjournal of pharmaceutics, 554, 190-200. https://doi.org/10.1016/j.ijpharm.2018.11.015

Vo, C. L., Park, C., & Lee, B. J. (2013). Current trends and future perspectives of solid dispersions containing
poorly water-soluble drugs. European journal of pharmaceutics and biopharmaceutics : official journal of
Arbeitsgemeinschaft  fur  Pharmazeutische  Verfahrenstechnik e V,85(3 Pt B), 799-813.
https://doi.org/10.1016/j.ejpb.2013.09.007

Lee, S. K., Ha, E. S., Park, H., Kang, K. T., Jeong, J. S., Kim, J. S., Baek, I. H., & Kim, M. S. (2023).
Preparation of Hot-Melt-Extruded Solid Dispersion Based on Pre-Formulation Strategies and Its Enhanced
Therapeutic Efficacy. Pharmaceutics, 15(12), 2704. https://doi.org/10.3390/pharmaceutics 15122704

Lalge, R., Kumar, N. S. K., & Suryanarayanan, R. (2023). Understanding the Effect of Nucleation in
Amorphous Solid Dispersions through Time-Temperature Transformation. Molecular pharmaceutics, 20(8),
4196-4209. https://doi.org/10.1021/acs.molpharmaceut.3c00313

Lalge, R., Kumar, N. S. K., & Suryanarayanan, R. (2023). Understanding the Effect of Nucleation in
Amorphous Solid Dispersions through Time-Temperature Transformation. Molecular pharmaceutics, 20(8),
4196-4209. https://doi.org/10.1021/acs.molpharmaceut.3c00313

Madan, J. R, Pawar, A. R., Patil, R. B., Awasthi, R., & Dua, K. (2018). Preparation, characterization and in
vitro evaluation of tablets containing microwave-assisted solid dispersions of apremilast. Polimery w
medycynie, 48(1), 17-24. https://doi.org/10.17219/pim/99801

Eedara, B. B., Nyavanandi, D., Narala, S., Veerareddy, P. R., & Bandari, S. (2021). Improved Dissolution
Rate and Intestinal Absorption of Fexofenadine Hydrochloride by the Preparation of Solid Dispersions: In
Vitro and In Situ Evaluation. Pharmaceutics, 13(3), 310. https://doi.org/10.3390/pharmaceutics 13030310
Holm, T. P., Knopp, M. M., Berthelsen, R., & Lobmann, K. (2022). Supersaturated amorphous solid
dispersions of celecoxib prepared in situ by microwave irradiation. International journal of
pharmaceutics, 626, 122115. https://doi.org/10.1016/j.ijpharm.2022.122115

182




”(/ IJARSCT ISSN (Online) 2581-9429
X%
IJARSCT

Impact Factor: 7.53

International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Volume 4, Issue 6, March 2024

[32]. Khodaverdi, E., Khalili, N., Zangiabadi, F., & Homayouni, A. (2012). Preparation, Characterization and

Stability Studies of Glassy Solid Dispersions of Indomethacin using PVP and Isomalt as carriers. lranian
Jjournal of basic medical sciences, 15(3), 820-832.

Copyright to IJARSCT

DOI: 10.48175/IJARSCT-16828
www.ijarsct.co.in

183




